Background: Prostate cancer is one of the most common cancers in men and the fourth leading cause of cancer mortality worldwide. Although major progress has been achieved in the last years for patients with metastatic castrate-resistant prostate cancer (mCRPC), thanks to next-generation androgen receptor axis targeted drugs, taxanes, and bone-targeted agents, immunotherapy has not been widely approved and used for the treatment of prostate cancer. Two large studies with ipilimumab, an anti-CTLA-4 (cytotoxic T-lymphocyte antigen 4) antibody reported improved progression-free survival, but not statistically improved overall survival at the primary analysis (CA184 043 and CA184 095). Case presentation: Here, we report on two patients who received ipilimumab in these trials and are still in long-term complete remission with a follow-up of 64 and 52 months respectively after the initiation of ipilimumab. Immunohistochemical staining for hMLH1, hMSH2, hMSH6 and PMS2 was performed on archival prostate biopsy samples from one of the two patients; they exhibited normal protein expression. Interestingly for this patient, a high CD3+ and CD8+ T cell infiltration was observed on archival prostate biopsies as well as Treg FoxP3+ T cells. Conclusion: Ipilimumab produces clinical activity in patients with CRPC, including very long responders with no detectable residual disease.
Background
Prostate cancer is one of the most frequent cancers in men and the fourth leading cause of cancer mortality worldwide [1] . Several treatments have yielded improved survival in metastatic castrate-resistant prostate cancer (mCRPC): cytotoxic chemotherapy (docetaxel and cabazitaxel), next-generation androgen receptor pathway targeting agents (abiraterone acetate and enzalutamide), and bone-targeted agents (radium-223). These agents are recommended by guidelines and widely used [2] [3] [4] . However, despite this expanding armamentarium yielding longer survival, mCRPC remains an incurable disease.
The use of the only immunotherapy with associated improved survival, Sipuleucel T, an autologous cellular immunological agent, is currently restricted to the US [5, 6] . One of the most interesting effects of immunotherapy is the potentially long duration of remission in responders, observed in melanoma [7] , lung cancer [8] and renal cell carcinoma [9] , with some patients still in complete remission years later. Ipilimumab is a humanized IgG1 monoclonal antibody that binds to the cytotoxic T-lymphocyte antigen-4 (CTLA-4) regulatory receptor on T cells. As such, it is an immune checkpoint inhibitor promoting the maturation of CD8+ cell effectors and depleting regulatory T cells. It is currently approved for the treatment of patients with melanoma after an enhancement of overall survival was achieved when it was administered alone [7] or in combination with nivolumab [10] (an anti-PD1 antibody). Two phase III trials testing ipilimumab have been conducted in men with mCRPC [11, 12] . The first reported, CA184 043, accrued patients who had previously received docetaxel [11] , while the second trial, CA184 095, enrolled chemotherapy-naive and asymptomatic or minimally symptomatic patients with mCRPC [12] . In CA184 043, 799 patients were randomized 1:1 to receive bonedirected radiotherapy (8 Gy in one fraction) followed by either ipilimumab 10 mg/kg or a placebo every 3 weeks for up to four injections. Non-progressors could continue to receive ipilimumab at 10 mg/kg or a placebo as maintenance therapy every 3 months until disease progression, an unacceptable toxic effect, or death. The primary analysis of this trial reported non-significantly improved overall survival (hazard ratio [HR] 0 · 85, 0 · 72-1 · 00; p = 0 · 053). However, evidence of efficacy was provided with improved progression-free survival (hazard ratio 0.70, 0.61-0.82; p < 0.0001) in the ipilimumab arm [11] , and also improved PSA response rate in the ipilimumab arm (13.1%, 9.5-17.5 versus 5.2%, 3.0-8.4). In a second post-hoc analysis performed with an additional year of follow-up, the overall survival trend favouring the ipilimumab + radiotherapy arm was maintained (HR = 0.84 (0.72-0.98), p = 0.03, for overall survival) [13] . Data from the final, long-term analysis are expected soon.
The CA184 095 study tested single-agent ipilimumab (without radiotherapy) in mCRPC patients with less advanced disease. A total of 602 asymptomatic or minimally symptomatic patients with chemotherapy-naive mCRPC and no known visceral metastases were randomized: 400 patients in the ipilimumab arm (10 mg/kg every 3 weeks for up to four injections, then 10 mg/kg every 3 months in non-progressors) and 202 patients in the placebo arm. Again, overall survival was not different (hazard ratio, 1.11; 95.87% CI, 0.88 to 1.39; P = .3667) in this trial, although progression-free survival and PSA response rate were improved in the ipilimumab arm (progression-free survival: hazard ratio, 0.67; 95.87% CI, 0.55 to 0.81; PSA response rate with ipilimumab (23%; 95% CI, 19-27%) versus placebo (8%, 95% CI, 5-13%). Also, patients in the ipilimumab arm achieved a higher prostate-specific antigen (PSA) response rate (23%), than those in the placebo arm (8%). Nine (2%) deaths occurred in the ipilimumab arm due to treatment-related adverse events (AEs) and immune-related grade 3 to 4 AEs occurred in 31 and 2% of the patients, respectively.
Here, we present two patients who were enrolled in the ipilimumab arm of the above-mentioned trials and who are still in long-term complete remission.
Case presentation

Case 1
A 51-year old man was diagnosed in August 2009 with a Gleason 8 prostate cancer with multiple synchronous bone metastases. His serum PSA level was 225 ng/mL. An LH-RH agonist (goserelin) was started, and his PSA declined to 3.5 ng/mL. In August 2010, after 10 months on androgen deprivation therapy (ADT), resistance to castration developed and he received chemotherapy with docetaxel and prednisone given 3 weekly, which resulted in a PSA decline (from 135 to 90 ng/mL). Docetaxel was discontinued after 8 cycles due to nail toxicity in May 2011. In June 2011, he experienced cancer progression with a PSA rise, progression of bone and lymph node metastases on imaging, and bone pain requiring opioids. He was then enrolled on the CA184 043 trial [11] and was randomly assigned to the ipilimumab arm. His only co-medication was oxycodone for bone pain.
The patient received single-fraction radiotherapy (8 Gy delivered to vertebrae, T8 to T11) the day before starting intravenous ipilimumab (10 mg/kg every 3 weeks). The baseline PSA level was 118 ng/mL, serum alkaline phosphatase level was 2.02-fold the upper limit of normal, and haemoglobin was 129 g/L.
One week after treatment initiation, he presented with urinary incontinence, ataxia and decreased lower limb sensitivity. The diagnosis of spinal cord compression at T9 level was made. He was treated with a high-dose corticosteroid infusion and underwent emergency surgery, with a favourable outcome.
He subsequently continued ipilimumab therapy, with a decrease in corticosteroid doses. After the third injection, he presented immune-related adverse events (irAE) with a grade 2 rash and grade 1 diarrhoea which again required an increase in the prednisone dose (1 mg/kg) and the episode resolved clinically. Due to the favourable evolution of the rash and diarrhea with prednisone and time, no skin or colon biopsies were realized. After the third injection, he also developed an ipilimumab infusion reaction which required premedication with high-dose corticosteroids and anti-histaminics. Prednisone was maintained at 20 mg daily for 5 months due to the initial spinal cord compression, then 10 mg daily and it was then switched to hydrocortisone.
After 5 months on ipilimumab, the patient permanently stopped opioids. His serum PSA level rapidly and dramatically declined at 6 weeks and remained undetectable (below 0.05 ng/mL) during follow-up (Fig. 1a) . His first bone scan performed after 3 months on treatment showed decreased tracer uptake in bone metastases and no remaining pathologic uptake was detectable on subsequent bone scans, nor on the last bone scan performed 48 months after the initiation of ipilimumab. The bone scan performed after 10 months of therapy and the CT-scan are shown in Fig. 1 . After almost 3 years, ipilimumab was stopped after a last injection on September 29, 2014. The patient is still asymptomatic, with a complete biochemical and morphologic response at 64 months.
Immunohistochemical staining for hMLH1 (antibody from Ventana, clone M1), hMSH2 (Calbiochem, clone FE11), hMSH6 (Pharmingen, clone 44) and PMS2 (Ventana, clone EPR3947) was performed on archival prostate biopsy samples, performed at diagnosis in 2009, and showed normal protein expression. Likewise, a high CD3+ and CD8+ T cell infiltration was observed on archival prostate biopsies as well as Treg FoxP3+ T cells (Fig. 2) . FoxP3 staining was highly specific with nuclear staining found only in lymphocytes and not in tumor cells.
Case 2
In April 1996, a 49-year old man underwent a prostatectomy and a lymph node dissection for a Gleason 8, pT3a prostate cancer, with 1 positive lymph node among the 17 dissected. Adjuvant brachytherapy (8 Gy) and pelvic radiotherapy (45 Gy) were delivered. The baseline serum PSA level was 44.8 ng/mL before the prostatectomy. He experienced a PSA relapse in 1998 for which he received intermittent ADT for 7 years. In 2005, bone metastases were diagnosed, and he then received ADT continuously with the disappearance of disease on the bone scan and a marked PSA decline which ultimately became undetectable. His PSA rose to 0.85 ng/mL in December 2009 with disease stabilization when androgen receptor inhibitors (bicalutamide, nilatumide and flutamide) were sequentially added to ADT. At this time, his co-medications were only valsartan and amlodipine.
In April 2012, a further PSA rise occurred and new bone lesions were diagnosed while the patient remained asymptomatic. He was enrolled in the CA184 095 trial and received 4 injections of ipilimumab 10 mg/kg every 3 weeks from April to July 2012, followed by 1 injection Fig. 1 a PSA course after ipilimumab and radiotherapy for patient n°1 and n°2. b Bone scan at baseline and after treatment with ipilimumab and radiotherapy for patient n°1 and n°2. ANT = anterior, POST = posterior. c CT-scan for patient n°1 at baseline (left) and after 10 months (right) every 3 months as maintenance therapy. His baseline PSA level was 70 ng/mL.
After the fourth injection, the patient experienced flare of psoriasis which required antihistaminic treatment.
The PSA level initially rose from 70 ng/mL to 81 ng/nL at 3 weeks and then declined regularly. At 13 weeks, the serum PSA concentration was undetectable (<0.01 ng/ mL). Serious bone scans showed stable bone lesions. The last ipilimumab injection was given in April 2015 after 3 years of treatment. Serum PSA is still undetectable at 52 months, without any clinical or radiological sign of cancer progression (Fig. 1) .
No archival tissue was available to perform a DNA mismatch repair deficiency analysis.
Discussion
Ipilimumab produces clinical activity in patients with CRPC, including very long responders with no detectable residual disease. Long term remissions in the two major phase III clinical trials were rare, with 32 months progression-free survival rates of less than 5 and 10% respectively with ipilimumab [11, 12] . The two patients reported here did not report grade 3-4 toxicity, unlike a previous patient who also experienced a long-term sustained complete response [14] , indicating that major toxicity is not required for patients to derive a major benefit from ipilimumab therapy. The most frequent irAEs in the two phase III trials (above 10% and whatever the grade) were diarrhea (39-43%), rash (17-33%), fatigue (24%), pruritus (20-27%), nausea (19%), decreased appetite (16%) and vomiting (11%). The first patient reported here experienced diarrhea, rash, and infusion reaction, though these immune-related adverse events were manageable with steroids and disappeared with time, while the second patient only experienced psoriasis, which was efficiently treated by antihistaminics. Biomarkers predicting ipilimumab efficacy are urgently needed for patients with CRPC but unfortunately only modest research has been reported so far on this subject. In melanoma, baseline high lactate dehydrogenase level, [15, 16] , high neutrophils, and high neutrophil to lymphocyte ratio [17, 18] are associated with worse outcome in patients on ipilimumab, although they are not necessarily predictive of treatment efficacy. In men with CRPC receiving ipilimumab, the number of blood PD-1 expressing CD4 T lymphocytes is associated with outcome [18, 19] , although it is unknown whether this parameter is predictive of a treatment benefit. Interestingly, the patient 1 had an immune infiltration of tumor by lymphocytes CD3+, CD8+ and Treg FoxP3+ T cells, which is generally associated with a better response to anti PD-1 inhibitors especially for CD8 [20] . In the epithelial compartment of tumors from 535 prostate cancer patients, 50, 44 and 58% had high immune-infiltration for CD3, CD4 and CD8, respectively [21] . A high density of CD8+ lymphocytes, especially in tumor epithelial areas, was an independent negative prognostic factor for biochemical failure-free survival. In melanoma cancer, FoxP3+ T cells infiltration was detected in 75% of evaluable pretreatment biopsies in ipilimumab-responder patients versus 36.0% in non-responders (p = 0.014) [22] . Tumorinfiltrating lymphocytes (TIL) in pre-treatment samples was not clearly demonstrated as a predictive biomarker in this study [22] , while increases in TIL density in tumor biopsy samples collected after the second dose of ipilimumab were associated with significantly greater clinical activity [22, 23] . Recently in melanoma, CD8 + T cells infiltration and PD-L1 expression were suggested to be higher in durable ipilimumab-responders [24] . Percentages of tumor area stained for CD8 in durable responders versus nonresponders were 4.3 and 1.8% respectively, whilst overall percentage of PD-L1 positive area was 11.1 and 3.7% for durable responders versus non-responders, respectively. However, none of these differences reached a statistically significant difference. In prostate cancer, two patients who had a tumor response to anti-PD1 therapy in a phase II study, had a higher infiltration of CD3 + and CD8+ T cells with higher PD-L1 expression on baseline biopsy [25] . DNA mismatch repair deficiency [26] , which is associated with a high mutational load resulting in high tumor antigenicity, is a common characteristic for several immunotherapy-sensitive cancer subtypes [27, 28] . Staining was negative in one of our patients and it could not be performed due to the unavailability of cancer tissue in the second. Of note, CRPC is not believed to harbour a high mutational load [29] . Very recently, the first evidence was provided that PD1 blockade also produces anticancer activity in men with CRPC [25, 30] , although it is currently unknown whether long-term complete remissions such as those reported here and elsewhere with CTLA4 blockade can be achieved.
Conclusion
In conclusion, Ipilimumab has clinical activity in prostate cancer, as showed with the progression-free survival and PSA response rate improvement in the two large phase III studies, and can be associated with exceptional clinical benefit in rare patients. More insights in potential biomarkers predicting for benefit are urgently needed to help design the next generation of trials.
Abbreviations HR: Hazard ratio; mCRPC: Metastatic castrate-resistant prostate cancer; OS: Overall survival; PFS: Progression-free survival; PSA: Prostate-specific-antigen; TIL: Tumor-infiltrating lymphocytes
